Females are predicted to alter sex allocation when ecological, physiological and behavioural variables have different consequences on the fitness of male and female offspring. Traditionally, tests of sex allocation have examined single causative factors, often ignoring possible interactions between multiple factors. Here, we used a multifactorial approach to examine sex allocation in the viviparous skink, Niveoscincus ocellatus. We integrated a 16-year observational field study with a manipulative laboratory experiment to explore whether the effects of the maternal thermal environment interact with the resources available to females for reproduction to affect sex allocation decisions. We found strong effects of temperature on sex allocation in the field, with females born in warm conditions and males in cold conditions; however, this was not replicated in the laboratory. In contrast, we found no effect of female resource availability on sex allocation, either independently, or in interaction with temperature. These results corresponded with an overall lack of an effect of resource availability on any of the life history traits that we predicted would mediate the benefits of differential sex allocation in this system, suggesting that selection for sex allocation in response to resource availability may be relatively weak. Combined, these results suggest that temperature may be the predominant factor driving sex allocation in this system.
Introduction
How a female divides her reproductive energy among male and female offspring is the key question underpinning sex allocation theory (Charnov, 1982; West, 2009; Wapstra & Warner, 2010 ). An unequal allocation of resources to male vs. female offspring is expected either when extrinsic or intrinsic factors provide sex-specific effects on offspring fitness, or when the costs of producing male or female offspring differ (Fisher, 1930; Charnov, 1982) . Significant sex allocation biases are not uncommon in nature, having been found in a wide range of taxa, including haplodiploid insects (Charnov, 1979) , fish (Conover, 1984) , lizards (Warner & Shine, 2008) , birds (Komdeur, 1996) and mammals (Cameron & Dalerum, 2009) . A major challenge for evolutionary biologists is to understand the factors that drive or constrain differential allocation of maternal resources between the sexes.
To address this challenge, empirical and theoretical biologists have attempted to explain how various factors, including the environment, demography, physiology and behaviour influence sex allocation patterns (Trivers & Willard, 1973; West, 2009) . However, although these models have proved successful in predicting sex allocation in some systems (especially invertebrates; Seger & Stubblefield, 2002) , the field is plagued by a lack of consistency in observed patterns of sex allocation among studies and limited agreement between theoretical predictions and empirical patterns (Frank, 1990; Wapstra & Warner, 2010) . These inconsistencies may arise for several reasons. For example, the majority of sex allocation hypotheses focus on a single factor, ignoring the possibility that the multifactorial complexities of life histories in natural systems may obscure results if multiple factors interact (Cockburn et al., 2002; Seger & Stubblefield, 2002) . Second, the integration of observational and experimental studies is rare. This is problematic, as focussing solely on laboratory results may reveal sex allocation responses that are artefacts of an experimental environment (Frank, 1990; Komdeur & Pen, 2002) whilst observational studies provide only correlational evidence, and may misattribute the true causes of observed patterns.
In this study, we applied a multifactorial approach to examine sex allocation in the viviparous skink, Niveoscincus ocellatus (Gray, 1845) . We have previously demonstrated that offspring sex is affected by temperature in this species (Wapstra et al., 2004 Pen et al., 2010; Cunningham et al., 2017) . In N. ocellatus, as in other ectotherms, warmer conditions result in earlier dates of birth because of accelerated embryonic development. This, in turn, results in a longer growth period in the first year of life, which enhances female, but not male, fitness (Wapstra, 2000; Pen et al., 2010; . Coupling offspring sex to temperature, then, provides a mechanism by which mothers maximize their fitness by skewing the sex ratio of litters towards females when high temperatures lead to early births, and towards males when low temperatures lead to later births (Pen et al., 2010) . Unlike other reptilian taxa in which offspring sex is affected by temperature (e.g. turtles and crocodiles), where the reaction norm of temperature effects on offspring sex is steep (i.e. 100% of each sex produced either side of a pivotal temperature), the reaction norm in N. ocellatus is shallow (Cunningham et al., 2017) . Furthermore, temperature alone does not account for the full variability in sex allocation patterns observed, suggesting that other factors may also affect these patterns. In other reptile species (Radder et al., 2009) , including the closely related snow skink, Niveoscincus microlepidotus (Olsson & Shine, 2001) , offspring size at birth has sex-specific fitness effects, with females benefitting more than males from being born large. Females that produce larger offspring may therefore also skew sex allocation towards females (a reverse of predictions made under classic Trivers & Willard (1973) ). Thus, any factor that affects the ability of females to manipulate offspring size may also influence sex allocation decisions in addition to, or in interaction with, temperature.
In N. ocellatus, energetic allocation to offspring occurs in two key periods; prior to ovulation, during an extended period of vitellogenesis from soon after the previous birth using capital and income energy sources (Wapstra et al., 1999) and throughout gestation via a complex chorioallantoic placenta (i.e. matrotrophy; Thompson et al., 2001) . Niveoscincus is one of only five lineages of squamate reptiles in which substantial placentotrophy occurs. Indeed, in N. ocellatus, neonates are more than 1.5 times larger in dry matter than freshly ovulated eggs (Thompson et al., 2001) . Thus, offspring size at birth may be affected by resources available to females both prior to ovulation and during gestation. Resources available during either of these stages may therefore influence sex allocation decisions. Importantly, such effects may interact with the known effects of temperature. For instance, female basking decisions may be altered by body condition (e.g. females in better condition may be able to devote more time to basking). Conversely, nutritional and energetic requirements of offspring may be influenced by temperature (as, in ectotherms, metabolism is temperaturedependent) or the process of nutrient assimilation across the placenta may itself be temperature-dependent (Wapstra, 2000) .
To explore the potential effect of resource availability on sex allocation decisions in N. ocellatus, we combined a manipulative laboratory experiment with data from a 16-year observational field study. We predicted that females producing larger offspring would overproduce daughters (and vice versa) and that, in line with previous results, females would produce female-skewed litters in warm years (field study) or when given access to increased basking opportunities (laboratory study) and male-skewed litters in cold years, or when given reduced basking opportunities. We also predicted that females in better condition at the beginning of vitellogenesis (field study) or at ovulation (laboratory study) would increase their reproductive effort. If this resulted in larger offspring (rather than increased number of offspring), then we predicted that these offspring would also be more likely to be female. In N. ocellatus, litter size is determined during vitellogenesis and is fixed at ovulation. We therefore predicted that additional resources provided to females after this time (i.e. during gestation; laboratory study) would lead to an increase in offspring size, and female-skewed litters. Because of the potential for temperature and resource availability to alter basking or investment decisions and therefore to have interacting effects on offspring size and dates of birth (and thus offspring sex), we also considered interactions between resource availability and temperature or basking in our analyses. Specifically, we predicted that when these factors acted in the same direction (i.e. low temperature and low resource availability would lead to male offspring or high temperature and high resource availability would lead to female offspring), the effects of the factors would reinforce each other. Conversely, when factors acted in different directions (i.e. low temperatures and high resource availability or high temperatures and low resource availability), effects on offspring sex would counteract each other and the overall strength and direction of the response would depend on the competing magnitude of these effects.
Materials and methods

Study species
Niveoscincus ocellatus is a small viviparous skink (3-10 g, 60-75 mm snout-vent length (SVL)) endemic to Tasmania, Australia. For the past 16 years (since the austral summer of 2000/2001), a population located on the East Coast (42°55 0 S, 147°87 0 E) has been monitored, following a standard field and laboratory protocol (see Wapstra et al., 2009; Cunningham et al., 2017) . The study site is flanked on all sides by either roads or unsuitable habitat and, consequently, there is little immigration or emigration. At this site, animals are active from August through May and females reproduce annually (Wapstra et al., 1999) . Mating occurs predominately in the Austral autumn (March to May), with a second mating period in spring (late August to September), and females store sperm throughout winter (Jones et al., 1997; While & Wapstra, 2009 ). Vitellogenesis commences soon after parturition (Wapstra et al., 1999) and ovulation is highly synchronized within the population, occurring in early October each year (Wapstra et al., 1999 Pen et al., 2010; Uller et al., 2011) . Gestation length is variable among years, with births occurring earlier in warmer years and later in cooler years Cadby et al., 2010; Uller et al., 2011; Cunningham et al., 2017) . Females produce clutches of one to six offspring annually (although litters larger than four are rare), and there is no post-natal care (Wapstra et al., 1999; ). Individuals reach maturity at 2-3 years of age and can live for more than 7 years Pen et al., 2010) .
Field study: animal capture and data collection Each year pregnant females (up to 100 females per year, representing 90-95% of the adult female population) were caught towards the end of gestation in late December (well after the period of sex determination; Neaves et al., 2006; Wapstra et al., 2009) . Upon capture, females were identified using unique toe clips and their capture location was recorded before they were brought to a temperature-controlled laboratory (ambient temperature 16°C) at the University of Tasmania. Females were then weighed (AE1 mg) and transferred to individual plastic terraria (30 9 20 9 20 cm), each containing paper pellets as a substrate, a wooden cover for shelter and a rock for basking. A basking light was fitted over each terrarium to provide a thermal gradient for basking from 16 to 40°C, and water was available ad libitum. Three times per week, all lizards were fed live insects (Tenebrio larvae) and crushed fruit (Heinz baby food) with added protein powder (Nature's Way) and terraria were checked twice daily for neonates.
At birth, offspring and mothers were measured (SVL AE 0.01 mm) and weighed (mass AE 0.1 mg), offspring and previously uncaught mothers toe-clipped and offspring sexed by hemipene eversion (Wapstra et al., 2004 . Adult females were released within 5 m of their original site of capture, whereas offspring were randomly released at one of 12 locations within the study site. Climate data were obtained from a weather station located approximately 5 km from the study site (42°34 0 S, 147°52 0 E) through the Australian Bureau of Meteorology website (Australian Bureau of Meteorology, 2015).
Field study: statistical analysis
Maternal body condition at the onset of vitellogenesis (C vit ) was used as a measure of the energy available for reproduction into the next litter prior to vitellogenesis. Each female's C vit and postpartum condition (C pp ) were calculated as her residual mass from a regression model of mass on SVL measured immediately after parturition for all females across all years of the study (A female's C pp , therefore equates to her C vit in the following year). The first year of data (2000/2001) , and females from subsequent years that did not give birth in the previous year were excluded when testing for the effect of C vit , as no measure was available. In total, across the 16-year study, we collected data from 1395 litters across 673 unique females and were able to calculate C vit for the mothers of 576 litters (Table S1 ). Relative litter mass (RLM), calculated as the ratio of the total litter mass to the postpartum body mass of the mother, was used to estimate reproductive effort (Shine, 1980) . Cohort sex ratios presented in Fig. 1 were calculated as the number of male offspring in a year divided by the total number of offspring in that year, such that values above 0.5 indicate male-skewed cohorts and values below 0.5 indicate female-skewed cohorts.
We assessed the effect of C vit , mean maximum temperature throughout the gestation period (T gest ; October 1 to December 31), and their interaction on mean litter offspring mass, RLM, date of birth and C pp using general linear mixed models (LMMs), fit by REML. Maternal identity was included as a random effect, with random intercept and random slope in response to T gest to account for repeated measures of mothers across years. To test whether C vit , mean maximum temperature during the critical period of sex determination (T crit ; October 1 to November 15 (Neaves et al., 2006; Wapstra et al., 2009 )) or their interaction had an effect on offspring sex, we fit a generalized linear mixed model (GLMM) with binomial error distribution (logit link) and maternal identity as a random effect with random intercept and random slope in response to T crit , using a type II Wald v 2 test. In all analyses, independent variables other than C vit were mean-centred. C vit was not centred as the mean value was very close to zero, only deviating from this because postpartum maternal condition for the last year of the study (2015/ 2016) was used to establish the relationship and because some females used to establish the relationship did not give birth in the following year. We compared the mass of male and female offspring by fitting a LMM with offspring sex as a fixed factor and with litter identity (mother within year) nested within maternal identity as random effects. The overall sex ratio was calculated for all offspring born over the duration of the study, and significance of deviation from equality was calculated using an exact binomial test.
Laboratory study: experimental procedures
One hundred and twenty-eight gravid N. ocellatus were collected from areas surrounding our field site in early October 2011. Females were collected, measured (SVL AE 1 mm) and weighed (AE 1 mg) within the first weeks after ovulation (Wapstra et al., 1999 ), but well prior to embryo sexual differentiation and sex determination (Neaves et al., 2006; Wapstra et al., 2009) . Females were collected and housed using the protocol described for the field study above, with the exception that basking opportunity and food quantity were determined by random allocation to treatment groups. The model for this experiment was a 4 9 2 factorial design with four basking opportunity treatments (3-, 6-, 9-and 12-h access to the basking light) and two food quantity treatments (high and low). Basking treatments were chosen to mimic and exaggerate the yearly variation in female opportunities for basking in the field, including conditions likely to be experienced by N. ocellatus in extreme years (Wapstra, 2000; Wapstra et al., 2004; Cadby et al., 2010 Cadby et al., , 2014 . More females (n = 36) were assigned to the highest (12 h) and lowest (3 h) basking treatments than to the intermediate (6 and 9 h) treatments (n = 28) to maximize the chances of detecting sex allocation responses in response to basking opportunity, which were expected to be strongest at these extremes. Half of each basking treatment group was randomly assigned to each food quantity treatment to manipulate resources available to females during gestation. Those assigned to the high-food-quantity treatment were provided with eight mealworms and 0.6 mL puree and protein powder mix at each feeding, whereas those assigned to the low-food-quantity treatment were given three mealworms and 0.3 mL puree and protein powder mix. These quantities were sufficient to provide different amounts of food while remaining within the boundaries for maintaining lizard health and condition. All lizards were provided with water ad libitum and were fed twice per week. Treatment groups were rotated among the four available wall sections of the laboratory, and cage positions were randomly changed within groups once per fortnight to ensure results were not confounded by position effects. Due to several females terminating pregnancies before birth or producing nonviable offspring, which could not be sexed or measured, the final sample sizes were reduced (Table S2) .
Cages were checked for neonates twice per day from the 1 December. Following birth, adult females were weighed (AE 1 mg), measured (SVL AE 1 mm) and litter size was recorded. Within 1 day of birth, offspring were weighed (AE 0.1 mg), measured (SVL AE 0.01 mm), sexed, and given unique and permanent toe-clip identification before being released at the site from which their mothers were initially captured. At the completion of the majority of births within each treatment group, those individuals that had not yet given birth were checked for developing embryos by abdominal palpation. Nonpregnant females and females that had given birth were released at their site of capture within 1 week of birth or identification as nonpregnant.
Laboratory study: statistical analysis
Maternal condition measures were calculated using the model developed for the long-term data set. Maternal condition at ovulation (C ov ) was calculated from SVL and mass at capture and was mean-centred, whereas maternal postpartum condition (C pp ) was calculated from SVL and mass immediately after parturition. RLM and sex ratio were calculated in the same way as in the field study (see 'Field Study' section above). The effect of the basking treatment, food quantity treatment, C ov and their interactions on date of birth, mean offspring mass, RLM and C pp were assessed by fitting type II general linear models with basking treatment as a continuous variable (hours of basking) and food quantity treatment as a factor. To assess the effects of these variables and their interactions on sex ratio, we fit a generalized linear model (GLM) with a binomial error distribution (logit link) by a type II likelihood ratio test. Because laboratory results for the effect of temperature on offspring sex did not match those from the field study and from previous studies, we tested for an overall laboratory effect on offspring sex using an exact binomial test on the overall significance of deviation from equality of the combined sex ratio across all treatments. All analyses were conducted in R (R Core Team, 2014) using the "lme4" package (Bates et al., 2014) . P-values, F-statistics and approximate denominator degrees of freedom were derived based on KenwardRoger's approximation, using the 'lmerTest' package (Kuznetsova et al., 2013) . In GLMM and GLM models, type II Wald v 2 tests and likelihood ratio tests were performed using the 'car' package (Fox & Weisberg, 2011) .
Results
Field study
We found an overall sex ratio bias across years towards males; of the 3317 births recorded, 1757 were male and 1560 were female, a sex ratio of 0.53 (exact binomial test; P < 0.001, Table S1 ). There was a significant correlation between mean maximum temperature during the critical sex-determining period (T crit ) and offspring sex (Table 1) . For each 1°C increase in T crit , the odds of offspring being male were reduced by a factor of 0.76 (Table 1, Fig. 1 ). In contrast, there was no significant correlation between female condition at the onset of vitellogenesis (C vit ) and offspring sex, nor was there a significant interactive relationship with T crit (Table 1) . We found strong correlations (Table 1) between the mean maximum temperature experienced during gestation (T gest ) and both date of birth and post-partum maternal condition (C pp ), and a statistically significant, but minor, correlation with reproductive effort (RLM , Table 1 ). Specifically, for each 1°C increase in T gest , birth occurred 5.60 AE 0.53 SE days earlier (Fig. 2a) , C pp decreased 0.19 AE 0.04 g (Fig. 2b) , and RLM decreased 0.01 AE 0.005 SE. We found no correlation between T gest and mean offspring mass (Table 1) . C vit had a statistically significant, but weak correlation with both RLM and C pp (Table 1) . For each 1 g, a mother was heavier than expected for her SVL at the beginning of vitellogenesis, RLM increased 0.018 AE 0.005 SE and C pp increased 0.38 AE 0.04 SE g. There was no correlation between C vit and date of birth or mean offspring mass (Table 1) . Male offspring were significantly heavier than female offspring (F 1,2450.3 = 50.51, P < 0.001), although the difference in size between the sexes was small; mean masses of males and females were 0.539 AE 0.004 SE g and 0.529 AE 0.001 Table 1 The effect of maternal condition, temperature and their interaction on litter traits in a field study of Niveoscincus ocellatus over the seasons 2000/01 to 2015/16. Fixed effect estimates are from LMM and GLMM models. P-values, F-statistics, v 2 and b values for main effects shown are from models excluding interactions. Significant results are indicated in bold. Temperature throughout gestation (T gest ) is used in all models except where offspring sex is the response variable, in which case temperature during the critical sex determination period (T crit ) is used instead. Maternal condition (C vit ) was calculated following birth the previous year (i.e. at the beginning of vitellogenesis). b values indicate the change in the response variable for each unit change in the independent variable except where the response is offspring sex, in which case b is the log factor change to the odds of male: female offspring for each unit change in the independent variable. SE g, respectively. There was no interaction between T gest and C vit on any of the measured variables (Table 1) .
Experimental study
The overall sex ratio in the experimental study was male-skewed; of the 204 births recorded, 128 were males and 76 were female (exact binomial test; P = 0.001; Table 2 ). We found no independent or interactive effects of basking treatment, food quantity treatment or maternal condition at ovulation (C ov ) on offspring sex or RLM (Table 3) ; although sex ratios showed a slight increase with increasing basking opportunity (Table 2) , this effect was nonsignificant (Table 3) . Basking treatment had a significant effect on date of birth and mean offspring mass but no significant effect on postpartum condition (Table 3) . Females given more opportunity to bask produced earlier litters (À6.881 AE 0.460 SE days per hour of basking; Table 2 , Fig. S1a ) consisting of larger offspring (+ 0.008 AE 0.002 SE g per hour of basking; Table 3 , Fig. S1b ) than females given less access to basking. Food quantity treatment had a marginally significant effect on C pp and had no significant effect on date of birth or mean offspring mass (Table 3) . Females in the low-foodquantity treatment were in worse condition after giving birth (À0.276 AE 133 SE g) than those in the highfood-quantity treatment (Table 2) . C ov had a significant effect on C pp and a marginally significant effect on mean offspring mass (Table 3) . For each increase in C ov of 1 g, females' C pp increased 0.576 AE 0.143 SE g and mean offspring mass increased 0.027 AE 0.013 SE g (Table 2 ).
Discussion
Differential sex allocation is expected when intrinsic (e.g. body condition) or extrinsic (e.g. temperature, resource availability) factors influence variation in traits that differentially affect the fitness of male and female offspring (Charnov, 1982; Uller & Olsson, 2006; Uller et al., 2007; Wapstra & Warner, 2010) , or when the cost of producing offspring varies between offspring of different sexes (Fisher, 1930; Charnov, 1982) . While most studies consider only a single causal factor, patterns may be obscured if multiple factors influence sex allocation simultaneously. Here, we examined possible interactive and independent effects of temperature and resource availability on sex allocation in N. ocellatus. We found evidence that yearly variation in sex ratios is strongly linked to annual variation in temperature during embryo development in a natural population, with the proportion of female offspring increasing in warmer years, and of male offspring in cooler years. These patterns are in accordance with our previous related work (see Table S3 ) in this system showing strong temperature effects on offspring sex ratios in the field (Wapstra et al., 2004 Pen et al., 2010; Cunningham et al., 2017) , and in the laboratory (Wapstra et al., 2004; Pen et al., 2010) . Indeed, we have explicitly modelled the evolution of TSD in this population (Pen et al., 2010) , which explained the temperature effect as resulting from sex-specific fitness effects of date of birth, which was affected by thermal environment in both our field and laboratory studies.
In contrast, we found no evidence that female condition or resource availability at any stage during the reproductive cycle influenced sex allocation either in interaction with temperature or independently. There are several potential explanations for this lack of effects, which are related to our underlying assumptions for how resource availability might influence sex-specific fitness benefits of producing males vs. females. We argued that resource availability could influence offspring size at birth (sensu generalized Trivers & Willard, 1973) , which could in turn influence offspring size at maturity, and that this may have sex-specific effects on fitness (Pen et al., 2010) . For this to occur, however, two conditions would have to be met. First, females in good condition, or with increased access to resources, would have to divert those additional resources to their offspring rather than to their own condition or growth. We found limited support for this; although females in better condition at the onset of vitellogenesis did increase their reproductive effort in our field study, this effect was minor and was not replicated in the laboratory. Rather, we found that females in better condition (at both the onset of vitellogenesis, and at ovulation) and those provided with more food during gestation were in better condition after giving birth. This suggests that there may be selection on females to devote additional resources towards increasing their own condition and growth rather than towards increasing offspring size (Itonaga et al., 2012a) . Second, there would have to be a sex-specific link between size at birth and fitness. We have previously shown that date of birth has strong effects on offspring growth before winter and ultimately adult body size in this system and that this has resulted in strong selection for the coupling of temperature and sex determination (Pen et al., 2010) . For size at birth to have a similar effect, it would have to predictably translate to a larger size at the end of the activity season. Post-partum growth in N. ocellatus is rapid and effects influencing post-partum growth (e.g. Itonaga et al., 2012a,b; Cadby et al., 2014) might offset the initial small differences in size at birth. Thus, size at birth might be a poor predictor of later size (Qualls & Shine, 2000) . Alternatively, resource availability could influence sex allocation indirectly if it affected maternal basking behaviour and therefore affected date of birth. However, we found no effect of available resources, either alone or in interaction with thermal environment, on date of birth. The absence of an effect of resource availability on date of birth suggests that pregnant females do not alter their basking decisions according to their condition. Combined, these results suggest that there is little evidence for the effects of resource availability on the key life history traits that might provide a mechanistic link between the environment and maternal sex allocation decisions in N. ocellatus. Thus, selection to couple sex to resource availability may be relatively weak in this system.
One component of the study that requires additional discussion was the discordance between the strong Table 2 Sample sizes, maternal characteristics and litter characteristics of Niveoscincus ocellatus across treatment groups (Basking opportunity and nutrition) in a laboratory experiment.
Values are means AE standard errors. 16 (9) 20 (15) 28 (18) 32 (20) 25 (16) 25 (15) 24 (15) 34 (20) 93 (58) 111 (70) 36 (24) 60 (38) 50 (31) 58 (35) 204 ( effects of temperature on sex allocation in the field and the lack of effects of temperature observed in the laboratory, where the correlation between increasingly male-skewed litters and decreasing basking opportunity (i.e. maternal body temperature) was nonsignificant and sex ratios were male-skewed in all basking treatments. Discordant effects in replicated sex ratio studies are not uncommon, especially in laboratory experiments (see, e.g., Parker, 2012; Booksmythe et al., 2017) . There are several possible explanations for our results. First, the birth dates invoked by our laboratory study were outside the range of birth dates that we have recorded across the 17-year period of our field study. Specifically, in our 12-h basking treatment, the mean date of birth was earlier than all but one of those observed across the 17 years of field work, whereas birth dates in the 6-and 3-h treatments were later than any observed over this period, corresponding to field temperatures throughout gestation of approximately 20.5°C, 14.3°C and 9.2°C, respectively (see Fig. 2a and Fig. S1a) . Thus, thermal conditions in these treatments sit beyond the range of temperatures across which we have modelled the reaction norm of offspring sex response to temperature in this species, and beyond the range of temperatures they are exposed to in the wild. As thermal reaction norms with respect to temperature can have a variety of forms (e.g. MF, FM, FMF, MFM), it is possible that what we are observing is a species with a U-shaped, as opposed to a linear, reaction norm (i.e. an MFM pattern, in which males are common at both high and low temperatures and females at intermediate temperatures; e.g. Luckenbach et al., 2009 in flatfishes) , although this pattern has not been reported in reptiles (Quinn et al., 2011) . While further research is required to confirm this pattern of response, it would be consistent with the increase in male-biased litters observed in the two warmest years in our field population (Fig. 1) . Second, these results could have been a result of a laboratory artefact, whereby consequences of animals being kept in the laboratory (e.g. altered hormone profiles) may have impacted sex determination and thus masked any effect of temperature. For instance, laboratory-induced stress may have elevated levels of circulating corticosterone, which has been shown to have significant effects on sex determination in other reptile species (e.g. Warner et al., 2009) . Finally, the relatively shallow reaction norm between temperature and offspring sex in this species and the variation observed in the wild may have meant that we did not have the power to tease out the relatively subtle effects of temperature in our laboratory experiment.
In summary, our results suggest that incorporating resource availability into our models of sex allocation decisions in N. ocellatus does not add additional explanatory power over and above considering temperature alone. It is, however, possible that other factors not tested in this study such as stress, age, mate quality, population dynamics or resource availability across other temporal scales may influence sex allocation decisions in this system. For example, factors from previous years may influence reproductive effort in the current year (e.g. Doughty & Shine, 1998; Bleu et al., 2013) or effects may vary at different stages of the reproductive cycle. Nevertheless, none of female body condition at the beginning of vitellogenesis or at ovulation, food availability during gestation (this study), nor mating history (While & Wapstra, 2009 ) have been shown to be important for predicting patterns of sex allocation in N. ocellatus. It is therefore plausible that temperature is the sole factor influencing sex allocation in this species. Table 3 The effect of basking treatment (B), food quantity treatment (Q), maternal condition at ovulation (C ov ) and their interactions on litter characteristics and post-partum condition (C pp ) of Niveoscincus ocellatus females in a laboratory experiment. Fixed effect estimates are from LMM and GLMM models. P-values, F-statistics and v 2 values shown are from reduced models excluding higher order interactions. Significant results are indicated in bold. Model coefficients for main effects are presented in Table S2 . Maternal condition (C ov ) was calculated at ovulation.
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